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Punch-through diode and method of processing the same 



5 

The invention relates to a punch-throug|i (PT) diode which is an element 
that is mainly used for over voltage protection. A punch-through diode is a back-to-back 
(anti-serial) connection of two p-n-diodes where the space charge regions of the two 
junctions can merge under reverse bias condition (punch), such that current flow is 
1 0 enabled at voltages beyond the breakdown voltage (punch-through-voltage). 

The invention especially relates to the monolithic integration of a 
SchotCky-diode parallel to the forward-direction of a punch-through diode. 

Punch-through diodes that are used in electronical circuits for the 
overvoltage protection have advantages compared to Zener-diodes at low reverse 
IS voltages. 

A punch-througli diode realized by only two back-to-back diodes does 
not show the normal forward behavior of a conventional p-n-diode with a voltage drop 
in the range of 0,7 V. Instead it has a high forward voltage drop, namely the break down 
voltage of the corresponding diode in the range of above 10 V. 

20 The electronic apparatus protection against overvoltage damage is the 

higher, the lower the breakdown voltage of the corresponding diode is when the punch- 
through diode is forward biased. 

Therefore, punch-through diodes are known which achieve an improved 
overvoltage protection by shortening that diode that blocks when reverse biased. 

25 Figure 1 schematically shows an equivalent circuitry 1 of a punch- 

through diode according to the state of art. Two p-n-diodes are connected back-to-back 
(anti-serial) and share a common combination point B. A first diode 2 has two 
differently doped areas and is arranged between the first combination point B and a 
second combination point A with the anode aligned towards the combination point B, 

30 The first diode 2 is shortened by for example a resistor 3 which is arranged between the 
first combination point B and the second combination point A. A second diode 4 also 
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has two differently doped areas and is arranged between the first combination point B 
and a third combination point C with the anode aligned towards combination point B. 
This means both diodes 2, 4 are arranged in such a way that two similarly doped areas 
of the two diodes 2, 4 are aligned towards each other. The pimch-through diode's 

5 equivalent circuitry 1 has two comiection points D, E. The properties of the two p-n- 
diodes 2, 4 determine the behavior of the whole circuitry 1 dependmg on whether a 
forward or a reverse voltage is allied to the comiection points D, E, Under revise 
voltage, i. e. under voltage ED, the second diode 4 is reverse biased. The properties of 
the two differentially doped areas of the second diode 4 determine the punch-through 

0 voltage. The space charge regions of the two junctions can merge under reverse bias 
condition, such tiiat current flow is enabled at voltages beyond the breakdown voltage 
^unch-through-voltage). Whereas, under forward voltage, i, e. voltage DE, the PT- 
diode shows the normal forward behavior of a conventional p-n-diode with a voltage 
drop in the range of 0.7 V as the first diode 2 is shortened by resistor 3. 

5 It is standard to realize electronic ckcuits as monolithically mtegrated 

circuits which have small dimensions. 



Public disclosure 58-161378 of J^an relates to a voltage diode whose 
20 punch-through voltage is set in a wide range from lower voltages to higher voltages. 
According to the disclosed method a semiconductor substrate, an epitaxial layer of 
reverse conductive ^e formed on the main surface thereof, and ametaUic electrode 
layer which forms a Schottky junction between layers are equipped. That method results 
in a semiconductor substrate and an epitaxial layer that form a PN junction and a metal 
25 electrode layer that forms a Schottky junction that has rectification characteristics that 
are opposite to those of the above mentioned PN junction. By this procedure a fixed 
voltage diode of the punch-through type is offered wherein also a low punch-through 
voltage can be established and wherein fluctuations of the established voltage have been 
improved. That disclosure does not neither give a hint on the diode's speed reaction nor 
30 on a value for "low voltage". 
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Therefore, one object of the invention is to provide a punch-through 
diode with an improved protection against overvoltage when used in an electronic 
circuit that is realized as a monolithically integrated one. 

Another object of the invention is to provide a method for manufacturing 
S such a punch-through diode. 

As regards the punch-througji diode, the object is achieved by a punch- 
through diode as defined in claim 1 and m claim 2. It's construction reduces the voltage 
drop under forward voltage. Preferred embodiments are subject-matter of the sub-claims 
3 to 8. As regards the method, the object is achieved by a method as defined in claim 1 1 
10 and in claim 12. 

According to the invention the punch-through diode gets a Schottky-like 
behavior either in the npn-stracture defined in claim 1 or in the pnp-structure defined in 
claim 2. This means: when the PT-diode is forward biased also the Schottky-diode 
become conductive. As the Schottky-diode has a lower threshold for the voltage drop as 
15 a p-n-diode the inventive punch-through diode as a whole reacts faster tiian those of the 
state of art. Further advantages of the Schottky-diode influence the punch-through diode 
in a positive manner, i,e, it switches fast and endures high loads of current 

The inventive punch-through diode realized as a monolithic circuit is 
based on a silicon dice or chip. In a preferred embodiment it is a monolithic integrated 
20 circuit built on a wafer. It is a known process to perform the steps of oxidation, 
implantation and annealing with regard to a silicon dice or chip. First an epilayer is 
generated. Then during the step of implantation the substrate is doped in the desired 
way by implanting appropriate ions after oxidation and a mask step. During the step of 
annealing the implanted atoms are diffused and create regions which form the doped 
25 wells. 

According to the invention a first p-doped or n-doped well of the silicon 
dice or chip corresponds to the semiconductor part of the Schottky-diode. This means 
that for adding the Schottky-diode's semiconductor part an additional step during the 
processing is not necessary. 
30 According to one embodiment the Schottky-metal area overlaps the 

edges of the ambient oxide layer. Thus the opemng in the oxide layer is securely 
covered. 
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The metal part of the Schottky-diode is realized by a Schottky-metal area 
arranged on the first p-doped well or the first n-doped well of the silicon dice or chip 
with the Schottky-metal area aad the first p-doped well or the first n-doped well 
respectively being in contact Jn a fiirther preferred embodiment the Schottky-diode 
5 metal area is made of a material from the group comprising alimiinium (Al), titanium 
(Ti), iron (Fe), chrome (Cr), nickel (Ni), molybdenum (Mo), paUadium (Pd). 

A layer of alummum may be added to the surface of the n*-subs1rate or 
p*-substrate respectively to enable the contact of a first terminal point of the punch- 
through diode. A metallized layer above the Schottky-metal area and the pol5^ilicon 
1 0 area enables the contact to a second terminal point Thus a punch-through diode is 
formed. 

According to an another embodiment the inventive punch-through diode 
is realized as a thick fihn circuit The advantage of this embodiment is that it can be 
treated as a surface-mounted-device (SMD) which has small dimensions and wei^t can 
1 5 stand loadings. 

This solution makes it possible to protect an electronic appliance 
comprismg the inventive punch-through firom overvoltage damage, because the 
inventive punch-lhrough diode reacts fast and at low voltages near zero V. The state of 
art PT-diode has a rafiher high forward characteristic which is defined by a single p-n- 
20 transition. This smgle p-n-transition is by-passed by the metal-semiconductor-transition 
and that results m a low forward voltage drop. 

The inventive pimch-through diode maybe used as overvoltage 
protection in an integrated circuit as it reacts fast and thus avoids the increase of a 
damaging current 

2^ The preferred embodiment is realized as a monolithically integrated 

ckcuit which is processed with only a few additional steps for adding the Schottky- 
diode. 

As regards the methods and the there mentioned steps of forming the 
wells are for example realized by carrying out known processing measures such as 
30 implantation, difiusion, amealing. 

The invention will now be described in detail with reference to the 
accompanying drawmgs. The detailed description will illustrate and describe what is 
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considered as a preferred embodiment of the invention. It should, of co\irse, be 
understood that various modifications and changes in form or detail could readily be 
made without departing from the spirit of the invention. It is therefore intended that the 
invention may not be limited to the exact form and detail shown and described herein, 
5 nor to anything less than the whole of the invention disclosed herein and as claimed 
herein after. Further the features described m the description, the drawing, and the 
claims disclosing the invention may be essential for the invention, considered alone or 
in combination. 



Figure 2 schematically shows an equivalent ckcuitry of a punch-through 
diode according to the invention; 

Figure 3 schematically shows in its partial Figures a) to f) the process 
flow to build up a punch-throu^ diode with an npn-structure accordmg 
IS to the invention. 



Figure 2 schematically shows an equivalent circuitry 5 of a PT-diode 
according to the invention. The first and the second diodes 2, 4 as well as the resistor 3 

20 are similar to those of Ihe arrangement of Figure 1. In the monolithically integrated 
ckcuit a Schottky-diode 6 is arranged parallel to the second diode 4 between the 
combination points B and C. The Schottky-diode 6 is aligned m the same way as the 
second diode 4. As the Schottky-diode 6 has a rather low threshold voltage, i. e. a 
threshold voltage lower than the second diode 4, the Schottlgr-diode 6 together with the 

25 short between combination point A and combination point B determines the forward 
characteristics of the inventive PT-diode, 

Figure 3 schematically shows in its partial Figures an example of a 
process flow to build up an inventive PT-diode with an npn-structure. 

In step (3a) an n^-doped substrate 7 such as a silicon dice is provided and . 

30 covered with an n-doped epilayer 8. The epilayer 8 is generated by the deposition of 
silicon, which is subjected to build up an oxide layer 17 on said epilayer 7. A first mask 
step and a following window etchmg are carried out Then a first p-well 9 as well as a 
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second p-well 10 are implanted into the n-epilayer 8 below the holes of the oxide layer 
17, The n'^-doped substrate 7 will be part of the region "a" of the later punch-throu^ 
diode, whereas the two p-doped wells 9, 10 will be treated in such a way to form the 
later region "b", 

5 In step (3b) annealing and oxidation are carried out A second mask is 

applied and a further window is etched to enable the implantation of an n-well 1 1 which 
penetrates through the n-doped epilayer 8 and penetrates into the n^-substrate 7. 
Difiusion and oxidation are carried out. This n-well 1 1 forms a plug contact to region 
"a", 

10 In step (3c) a third mask step and a further window etching are carried 

out A p"^-doped well 12 is implanted into the first p-doped well 9 for the ohmic contact 
to region "b". Diffusion and oxidation are carried out In a fourth mask step a window is 
etched into the oxidation layer 17 m the region between the &st and the second p-doped 
well 9, 10 and as well as above a part of their opposite margin edges. A deep p- 

15 implantation and a following annealing is carried out to form a p^-doped well 13 which 
connects both the first and the second p-doped wells 9, 10 which are part of region "b". 

In step (3d) a further oxide layer is deposited, a fifth mask step and a 
further window etching are carried out. A polysilicon area 14 is deposited onto the n- 
epilayer 8 between the first and the second n-doped wells 9, 10 and overlaps the edges 

20 of the oxide layer. The polysiUcon is n-doped by implanting an appropriate material. A 
subsequent diffusion step builds a n-doped region 15 in the epilayer 8 just below the 
polysilicon area 14. This procedure results in a layer that is diffused as flat as necessary. 
The remaining oxide layer 17 is an isolator, A sixth mask step and a following 
polysilicon etching are carried out Afterwards n-difiusion fiom the polysilicon to the n- 

25 epilayer 8 is carried out 

In step (3e) after a seventh mask step and a following window etching the 
Schottky-metal 16 is deposited onto a part of the first p-doped well 9 and overlaps the 
oxide layer. An eighth mask step and a following etching of the Schottky-metal 16 is 
carried out in order to form the Schottky-metal in an q>propriate way. The metal- 

30 semiconductor-contact of the Schottky-diode is realized by the said Schottky-metal 16 
and the p-doped well 9 of the silicon dice. 

In st^ (3Q a ninth mask step and a following window etching are carded 
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out-in order to prepare the device for the deposition of a contact metal. A tenth mask 
step and a following metal etching are carried out Just to complete the picture it is 
mentioned that afterwards glass is deposited as well as an eleventh mask step and a 
following window etching are carried out 
5 The two differently doped Mreas of the first and of the second diodes 2, 4 

as well as the metal-semiconductor-transition are illustrated in the device shown m step 
(3f) of Figure 3. The n-doped area of the first diode of Figure 2 is marked as region "a", 
the n-doped area of the second diode of Figure 2 is marked as region "c", and the p- 
doped area of both of them is marked as region "b", 

1 0 The regions forming the connection points D and E are not shown. They 

might be processed by adding as shown an Aluminium layer on top and a metal layer on 
bottom of the punch-through diode. 

The PT-diode may also be built inverse, that is with a pnp-structure. 
The process flow schematically shown in Figure 3 illustrates that a 

15 punch-through diode which improves the protection against overvoltage can be 
manu&ctured as monolithic integrated circuit by adding a Schottky-metal in an 
appropriate way onto the same crystal or wafer. 

The invention can be summarized by a monoUthically integrated punch- 
through diode with a Schottky-like behavior. This is achieved as a Schottky-metal area 

20 (16) is deposited onto at least part of the first p-doped well's (9) surface. The Schottky- 
metal area (16) and the p-doped well (9) form the metal-semiconductor-transition of a 
Schottky-diode. The overvoltage protection of the inventive PT-diode is improved as 
the forward characteristic has a voltage drop that is less than 0,5 V. 



